While collaboration is becoming increasingly critical in many industries to maximize revenue and minimize cost by taking advantage of other's expertise, healthcare industry has hardly utilized the advantages of collaboration. This paper proposes a framework for collaborative healthcare services. The proposed framework is based on Service Oriented Architecture using web services and utilizes a medical coding system, Current Procedure Terminology (CPT), for interoperability. The framework is designed to facilitate collaborations among healthcare service providers, and is expected to reduce medical expenditure of patients and increase revenue of healthcare service providers. In order to verify the performance of the proposed framework, a simulation study is conducted. The experimental results show that the framework contributes to utilization increase and treatment lead time decrease in healthcare services.
Introduction
Collaboration is a key success factor in many businesses. Manufacturers design a product together with many suppliers and outsource parts to make the product. For example, Intel, Samsung, LG and Sharp are major suppliers of parts for Apple's flagship product-iPhone, and they collaborate even from the initial stage of a product design. The goal of collaboration is to maximize product performance and minimize costs by taking advantage of specialties of collaborating partners. Boeing's strategy for developing the 787 Dreamliner is another good example. Boeing has partnered with fifteen companies in ten U.S. states and seven countries to create the major structural systems of the aircraft [1] .
While collaboration has been utilized in many industries and contributed to cost reduction and performance improvement, healthcare industry has rarely utilized the advantages of collaboration. Very few literatures have addressed the collaboration issues among healthcare service providers [2] - [4] and recently medical knowledge collaboration in cloud computing has been investigated [5] . Collaboration in healthcare services is defined as collective activities among healthcare service providers to provide high quality services for service users and to increase revenue. The limited studies consider pricing behaviors or implications of medical outsourcing. In this paper, we propose a collaborative healthcare service framework to provide better services for patients and at the same time to increase revenues of collaborating hospitals. For example, if a patient exhibiting symptoms of liver cancer is recommended by a hospital specialist to undergo a series of diagnostic tests that might take several months to administer due to the hospital's limited staff or equipment availability, such a lengthy period of diagnosis may not be appropriate for treating the patient, or other patients with acute illnesses that require more immediate medical attention. If the hospital can outsource some of the required tests to other hospitals that have the available resources to perform the tests more quickly, not only would the patient benefit from more expeditious service, it might even encourage price competition among these hospitals, resulting in cost savings for the outsourcing hospital as well as the patient. This liver cancer diagnosis example illustrates the advantages of healthcare service collaboration for both patients and hospitals.
Increased utilization of resources in hospitals can also help reduce medical costs. Table 1 shows itemized Magnetic Resonance Imaging (MRI) cost. Equipment purchasing, maintenance and operating personnel salary comprise major fixed cost to operate MRI equipment. As more tests are conducted on MRI equipment, the overhead cost of operating the machine can be shared by the tests being done on the MRI equipment. According to Table 1 [4] , in case of one thousand tests performed on one machine, the cost per test can be regarded as $790; in case of two thousand tests, the cost can be reduced to $441. In summary, if the utilization of the equipment increases, the testing cost can be reduced. This MRI cost analysis clearly shows the need for the proposed collaboration framework to increase the utilization of medical resources.
In this paper, an information system framework that supports healthcare service collaboration among healthcare service providers is proposed and a simulation study is conducted to test the viability of the proposed framework. This paper is organized as follows: Section 2 reviews previous literature and justifies the contribution of this paper. Section 3 presents the information system architecture and key technologies for the proposed framework for healthcare service collaboration. In the section, possible liver cancer diagnosis scenarios based on the proposed framework are introduced. Section 4 discusses the result of a simulation study that supports the advantages of the proposed framework. Finally, Section 5 concludes the paper with the contribution and limitation of the proposed ideas as well as future research topics. 
Literature Review
Collaboration in healthcare service areas, particularly at the hospital level, has not been common. Medical collaboration not only means sending medical records electronically from one hospital to another hospital, but it also means collective activities among healthcare service providers for diagnosis or treatment processes for a patient. Collaboration among hospitals can facilitate access to quality care for patients [3] . Furthermore, we claim in this paper that collaboration among hospitals can increase the utilization of medical resources at hospitals and ultimately reduce healthcare service cost for patients. The utilization of expensive medical resources has been a major issue for hospitals. It is not uncommon for multiple competing MRI (Magnetic Resonance Imaging) centers to go half utilized and even far less than that [6] . Planning and scheduling approaches can be used to improve operation room utilization within a hospital if the utilization of medical resources of a hospital fluctuates significantly [7] . However, there are cases in which medical resources of a hospital are in near or above 100% utilization, while those of another hospital are severely underutilized. Collaboration among hospitals using information systems can solve such problems by providing information on the availability of the hospitals, so that patients can get timely healthcare services from hospitals that have the needed resources available.
Although collaborative healthcare services among healthcare service providers have not been common, the infrastructure for medical collaboration has been developed and implemented among medical organizations. Most hospitals utilize inter-or intra-hospital information systems (HIS), managing information on patients, appointment status, schedule of doctors and nurses, and billing. Furthermore, electronic health records (EHR) systems [8] have been implemented in order to exchange patient and examination information among healthcare service providers. Medical communication standards play a key role in information exchange, such as Health Level Seven (HL7) [9] and Digital Imaging and Communications in Medicine (DICOM) [10] . HL7 protocol is designed for text-based data exchange and is commonly used among 95 percent of U.S. hospitals [11] , while DICOM is designed for image-based data exchange.
Web services have been applied to support inter-hospital communications and can facilitate collaboration among healthcare service providers and improve the quality of healthcare services [12] . Some of the key benefits of web services technology are platform independence, highly flexible collaboration capability among heterogeneous systems, and resource sharing. A modeling process for medical web services implemented two sample transactions, patient registration and image retrieval, using Biztalk 2004 [13] . Furthermore, the automation of medical web service composition considering semantic issues using ontology has been investigated [14] . They have proposed a framework that describes how to represent the compositional knowledge and how to interoperate heterogeneous healthcare services, and built an ontology integration method, called SEMIO, which stands for Semantic Interoperability.
Medical coding systems have significantly contributed to the interoperability between healthcare service providers and insurance companies. Healthcare service collaboration cannot work without interoperation among heterogeneous systems that each hospital utilizes. One of the widely used medical coding systems is CPT (Current Procedural Terminology) codes [15] . A CPT code is a five-digit alphanumeric identifier of healthcare services. In this context, healthcare services include any activities performed by healthcare service providers, such as medical treatments, surgical operations or diagnostic examinations. For example, a CPT code of 90663 denotes influenza virus vaccination for H1N1 and 76815 denotes pregnant uterus ultrasound. The CPT coding system has been used mostly for billing purposes. When hospitals send billing documents to insurance companies, they use the CPT code to indicate which healthcare services are provided. In addition, a CPT code can be used to check the coverage of the insurance policy of a patient.
The CPT coding system has contributed to ensuring uniformity among medical organizations. The same CPT code used in two hospitals means the same healthcare service, such as appendectomy or endoscopy, but does not mean the same healthcare service fee. One hospital may charge a higher fee than the other hospital for the same CPT code, which means the coding system is for the identification of healthcare services, not for the decision of service fees. On the other hand, Healthcare Common Procedure Coding System (HCPCS) [15] provides not only the identification code but also the service fee information. The HCPCS coding system is designed by the Centers for Medicaid & Medicare Services in the United States for uniformity in both healthcare service codes and billing procedures for its Social Security program, which is a medical insurance program for seniors and people with disability. HCPCS uses the same CPT codes, but assigns a fixed fee to each code.
As discussed in this section, medical collaboration has not been common in current healthcare services, but underlying technologies for the collaboration has been established. Medical collaboration is expected to contribute to timely services with reduced cost for patients and revenue increase for hospitals by increased utilization. This paper proposes a framework for collaborative healthcare services. The proposed framework is based on Service Oriented Architecture using web services and utilizes the CPT medical coding system.
Collaborative Healthcare Framework

System Architecture
The proposed framework for collaborative healthcare services is based on Service Oriented Architecture (SOA) [16] , which is underlying architecture for web services technology. Web services technology is the most widely accepted technology to integrate services provided by service providers on the Internet. One of the key features of web services technology is that it provides interoperability for service providers and users. Interoperability means an ability that multiple systems can communicate with one another no matter which operating systems or software programs individual systems are based on. The conceptual diagram for the proposed collaborative healthcare service framework is illustrated in Figure 1 , which consists of three main players, i.e., a medical collaboration broker, healthcare service users, and healthcare service providers who participate in collaborative services. The collaboration broker maintains up-to-date service-related information of hospitals that participate in collaboration. The information includes a list of healthcare services provided by each healthcare service provider, detailed input and output data from the provided healthcare services, hospital contact information, among others. The healthcare service broker system identifies most suitable health care services provided by one of the collaborating hospitals according to patients' search requests for a particular healthcare service. The healthcare service identification process by the service broker system can be extended to create complete healthcare service workflows. Taking the aforementioned example of the liver cancer diagnosis case, if the patient needs to get abdominal ultrasound, CT scan, MRI, and liver biopsy for diagnosis, the four tests have sequence requirements established by the primary doctor of a patient, in which the test order must be followed. Abdominal ultrasound is set to be performed first. After the ultrasound test, there are no sequences requirements between MRI and CT scan, which means either scan can start before the other. However, both should be completed before liver biopsy. These sequence requirements of the four tests will result in a workflow. The collaboration broker generates a list of tests satisfying the sequence requirements specified in the workflow. When the broker generates the list of tests, it should consider the patient's goal. If the goal of the patient is to receive all services within a minimal amount of time, then the patient needs the earliest completion schedule for the whole series of tests. On the other hand, if the goal of the patient is to receive all services at a minimal cost, then the patient needs the most inexpensive way to receive the whole set of services.
In order for the medical collaboration broker to identify most-suitable healthcare service or a series of health Healthcare collaboration broker searchHealthcareService care services, the broker needs to ascertain available services provided by the healthcare service providers that participate in the medical collaboration. The healthcare service providers share with the collaboration broker detailed information about their healthcare services. The information includes not only all the details of each healthcare service but also general hospital information, such as addresses or phone numbers. The detailed information about each healthcare service contains the CPT (Current Procedure Terminology) code for the healthcare service, availability, service lead time, doctor specializations, service fees, and etc. As shown in Figure 1 , the CPT code plays a central role in the integration of the three major players in the proposed framework. When a healthcare service user searches a service, he or she will use the CPT code to precisely indicate which healthcare service he or she is looking for. When individual hospitals share their service information with the healthcare service broker, they will use the CPT code to describe the list of healthcare services that they can provide. In addition, the CPT code will be used for billing processes between hospitals and insurance companies.
Healthcare services are defined as activities for patients conducted by healthcare service providers, such as tests or operations. In order to share available resources for healthcare services seamlessly among collaborating hospitals, healthcare services need to be described precisely. A machine-readable language based on Extensible Markup Language (XML) [17] is recommended for the representation of healthcare services. A preliminary version of Healthcare Service Description Language (HSDL) is proposed in Figure 2 . An HSDL description of a healthcare service includes service provider information, service fees, output information as a result of the healthcare service, and most importantly, the CPT code. Healthcare service providers describe their available services in HSDL and upload the descriptions to the collaboration broker's repository.
In order to standardize and automate the access to the healthcare service repository, the collaboration broker should provide subscription, publishing services for healthcare service providers and query services for healthcare service users. Those services are categorized into 1) managerial services and 2) query services. Managerial services consist of web services for subscription and un-subscription of healthcare service providers. Query services are provided for health care service users.
Service Scenarios
A medical collaboration broker, healthcare service users and healthcare service providers are three main players in the proposed framework. The proposed collaboration broker system provides web services for healthcare service providers, such as publishing, updating, deleting healthcare services. In addition, the broker system provides web services for healthcare service users, such as searching for a healthcare service or generating workflow that consists of multiple healthcare services. Searching for a healthcare service can be accomplished by invoking a web service. On the other hand, the web service for workflow generation arranges multiple healthcare services in a required sequence, which is pre-specified by medical doctors. While integrating multiple healthcare services, the web service for workflow generation utilizes single web service for healthcare service search multiple times. Figure 3 illustrates a workflow generation process works using the UML sequence diagram [18] . Tradi- tionally, a patient who needs to receive multiple medical examinations would go to one hospital and undergo all four tests based on the resource availability of the hospital. In the proposed collaboration framework, however, the CPT code of the multiple medical examinations will be sent to hospitals participating in healthcare service collaboration via the proposed collaboration broker. Once the broker collects all availability information from the participating hospitals, the workflow generation module in the broker system will recommend the best healthcare service workflow based on the patient's priority, such as time, cost, or quality. Figure 4 illustrates four different healthcare service workflows generated by the collaboration broker system for a patient who has symptoms of a liver cancer. The patient is advised to go through four tests for accurate diagnosis: Abdominal ultrasound, CT scan, MRI and liver biopsy. Abdominal ultrasound is performed first, followed by CT scan and MRI, and finally liver biopsy. Between CT scan and MRI, the doctor does not set any priority in sequence, thus either one can be conducted first. Next, liver biopsy is performed. Depending on the intermediate test results, the doctor will decide whether or not the rest of tests should be followed.
In the proposed collaborative healthcare service framework, the healthcare service coordinator requests a query to the collaboration broker with the CPT codes of four recommended medical tests and their sequence requirements. Figure 4 shows four different workflows based on four possible objectives. First, second, third, and fourth workflow have the best medical treatment plan in terms of time, cost, reputation and the number of hospitals, respectively. The resulting healthcare service workflow is generated in a Business Process Execution Language (BPEL) document [19] .
Simulation Study
A simulation study is conducted to verify the performance of the proposed collaborative healthcare service framework compared to the current practice, which can be regarded as the non-collaborative healthcare service framework. This section describes the two healthcare service models, collaborative and non-collaborative service models, which are compared in this simulation study. Two performance measures are defined and used for the comparison of the two models. Finally, the simulation results and statistical analysis results are discussed in detail in this section.
Collaborative and Non-Collaborative Healthcare Service Models
Two healthcare service models, non-collaborative service model (NSM) and collaborative service model (CSM) are designed to represent the current practice and the proposed framework, respectively. The performance of the two models is compared in this simulation study. In NSM, patients have a primary healthcare service provider and receive all the treatments completed with the healthcare service provider. For example, if a patient needs a chest X-ray test and a sputum cytology test, the tests will be conducted by the service provider regardless of how early both tests are available with the service provider. On the other hand, in CSM, patients have a primary healthcare service provider, but can choose any healthcare service provider based on their needs, such as time or cost. For example, if a patient needs the two aforementioned tests at the earliest time, the patient can choose a service provider that has an earlier available schedule than other providers. During the service provider selection process, healthcare service coordinators, which are discussed in Section 3, will provide professional consulting services. These two service models are illustrated in Figure 5 . In NSM, Hospital A is the primary service provider for the patients in dark (or green) color, which implies that they receive all healthcare services in Hospital A without any exception. In the same way, the patients in light (or gray) color get all services from Hospital B, which is their primary service provider. On the other hand, in CSM, the patients in Hospital A and B consist of patients in dark (or green) color and patients in light (or gray) color, which imply that they choose any healthcare service provider.
Experimental Design
In the simulation study we have considered four hospitals, denoted by H1 through H4, and three different treatments, denoted by T1 through T3. Four different patient types (PT), denoted by PT1 through PT4, are defined based on the series of treatments that a patient needs to receive. The treatment sequence for Patient type 1 (PT1) is T1→T2; that of PT2 is T2→T3; that of PT3 is T1→T3; and that of PT4 is T1→T2→T3. The sequence of treatments is maintained in the simulation model by allowing the succeeding treatment to start only after completion of the preceding treatment. Inter-arrival time of patients is considered to be exponentially distributed and treatment times are constant. In order to consider various scenarios at individual hospitals, ten scenarios of different inter-arrival and treatment times are considered as shown in Table 2 . Both models are set to run at the nine experimental scenarios for thirty replications per scenario. Inter-arrival times and treatment times are con- sidered to be exponentially distributed. The detailed experimental design is given in Table 2 Table 3 summarizes the results of the experiments conducted based on the experimental design described in the previous section, where the CSM outperforms the NSM with statistical significance in both performance measures. Paired t-tests are conducted. The p-values for TLT and RU are 0.001 and 0.017, respectively. Therefore, we conclude that the two models yield different results. In summary, the CSM has less treatment lead time (TLT) and more resource utilization (RU) than does the NSM. On average, 29.4% reduction in treatment lead time (TLT) is expected by utilizing the collaborative service model (CSM) over the non-collaborative service model (NSM). Particularly, Scenarios 1 through 6 have much higher reduction in TLT than the other scenarios. This finding shows that hospitals with higher utilization in NSM can expect higher reduction in TLT than hospitals with lower utilization. On the other hand, in terms of resource utilization on average 0.9% increase in resource utilization is expected. In particular, hospitals with higher resource utilization, shown in Scenarios 1 through 5, have relatively higher increase in resource utilization than hospitals with lower resource utilization.
Conclusions
This paper proposes a framework for collaborative healthcare services in order to facilitate collaborative services among hospitals to provide reduced treatment lead time for patients and increased utilization of medical resources of hospitals. The service scenarios are discussed in detail, which take into account four different considerations of patients to show how healthcare services can be provided based on the proposed framework. In order to verify the advantages of the proposed framework, a simulation study is conducted. The current practice of the non-collaborative service model (NSM) and the proposed framework of the collaborative service model (CSM) are compared using paired t-test. The simulation experiment results show that the proposed framework can contribute not only to the increase of hospital resource utilization, but also to the reduction of treatment lead time.
The Current Procedure Terminology (CPT) code plays a key role in the framework. The framework provides various services, such as searching medical services, integrating them and generating workflows, using the coding system. The unique identification capability of the CPT code enables accurate search for services provided by healthcare service providers. Although the proposed architecture adopts the Current Procedure Terminology (CPT) code to identify specific healthcare services, the architecture of the proposed framework is not dependent on the CPT coding system and can easily adopt alternative coding systems. The coding system has kept improving to reflect the practical needs. As the coding system improves, the proposed framework is expected to provide more accurate services.
As a future research topic, a mathematical model should be designed to generate the optimal treatment plan according to the objective of the service users. The mathematical model should be able to incorporate multiple objectives because healthcare-related decisions are normally made considering multiple aspects. These mathematical models should be integrated with the real-time availability information provided by healthcare service providers via the proposed healthcare collaboration broker. Considering the complexity of the treatment plan generation, a heuristic algorithm should also be developed to provide real-time collaborative healthcare services. If the treatment plan is urgently required, the heuristic algorithm can be utilized. Otherwise, the mathematical model can be used. The mathematical model can be also used as a benchmark tool for the performance of the heuristics algorithm.
